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DESCRIPTION 
GRAPHITE ELECTRODE FOR ELECTRIC ARC FURNACE 

TECHNICAL FIELD 

5 The present invention relates to a graphite electrode for 

an electric arc furnace. More particularly, the present 
invention relates to an improvement of a graphite electrode for 
an electric arc furnace used for steelmaking which is operated 
while cooling the graphite electrode which protrudes upward from 
10 the furnace roof. 




BACKGROUND ART 

A graphite electrode for an electric arc furnace used for 
steelmaking produces an arc and causes a raw material to melt. 

15 Since the graphite electrode reaches high temperatures due to 
the arc, oxidation and sublimation of the graphite electrode 
occur. Moreover, the tip portion of the electrode rapidly wears 
away due to slug corrosion or the like. Therefore, the graphite 
electrode is replenished from outside the furnace by connecting 

20 graphite electrodes in succession in order to compensate for 
the wear. 

In this case, the outer surface of the graphite electrode 
is oxidized and consumed due to an increase in temperature of 
the electrode, whereby the electrode consumption rate is 
25 increased. This may result in a breakage accident during the 
operation. Therefore, in order to suppress oxidation and 



consumption of the outer surface of the electrode, a method of 
cooling the graphite electrode by spraying a cooling liquid onto 
the surface of the graphite electrode at a location above the 
furnace roof has been proposed (United States Patent No. 
4,852,120) . 

In order to increase the cooling effect in the above method 
of cooling the graphite electrode by spraying a cooling liquid 
onto the surface of the graphite electrode at a location above 
the furnace roof, a method of spraying a cooling liquid so as 
to be spread in the range at an angle of inclination of -10° 
downward and an angle of inclination of +10° upward with respect 
to the horizontal level has also been proposed (United States 
Patents No. 4,941,149 and No. 5,795,539). 

DISCLOSURE OF THE INVENTION 

An artificial graphite electrode for an electric arc furnace 
used for steelmaking is produced by adding a binder pitch to 
raw material coke, and kneading the mixture, followed by 
extrusion, primary baking, pitch impregnation, rebaking, 
graphitization, and machining into predetermined dimensions. 
The graphite electrode shows better characteristics as the 
graphitization progresses. However, hydrophilicity of the 
surface of the electrode tends to decrease as the graphitization 
progresses. Therefore, in the case of cooling the graphite 
electrode for steelmaking by spraying a cooling liquid onto the 
surface of the graphite electrode, the cooling effect is 



decreased since the surface of the electrode repels the cooling 
liquid, whereby the oxidation prevention effect cannot be 
obtained sufficiently. 

The present inventors have conducted a number of experiments 
and studies on the structure of the electrode for obtaining 
hydrophilicity of the surface of the graphite electrode for an 
electric arc furnace used for steelmaking which is sufficiently 
graphitized and has good characteristics for use, and found that 
hydrophilicity can be obtained by forming an uneven structure 
on the surface of the electrode, whereby the cooling effect can 
be increased. 

The present invention has been achieved based on the above 
findings. An object of the present invention is to provide a 
graphite electrode for an electric arc furnace used for 
steelmaking used for an electric steelmaking furnace operated 
while cooling the graphite electrode which protrudes upward from 
the furnace roof, which has large water retention characteristics, 
provides a sufficient cooling effect, and reduces the electrode 
consumption rate by preventing oxidation and consumption. 

In order to achieve the above object, the present invention 
provides a graphite electrode for electric arc furnace used for 
steelmaking which is operated while cooling the graphite 
electrode which protrudes upward from the furnace roof by 
spraying a cooling liquid onto the surface of the graphite 
electrode, wherein an uneven structure is formed on the surface 
of the graphite electrode. 

3 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial schematic front view of an example of 
a graphite electrode of the present invention. 
5 FIG. 2 is an enlarged view of a portion A shown in FIG. 

1. 

FIG. 3 is a view showing another example of an uneven 
structure . 

FIG. 4 is a view showing yet another example of an uneven 
10 structure. 

FIG . 5 is a graph showing the relationship between the amount 
of water supply and the amount of water retention of an electrode 
according to the present invention. 

FIG. 6 is a graph showing the relationship between the height 
15 of a projection of an uneven surface structure and the amount 
of water retention of an electrode of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In the present invention, the uneven structure includes 

20 any uneven structure that can provide the electrode surface with 
water retention characteristics, such as a structure in which 
grooves are formed on the surface of the electrode in the direction 
perpendicular to or parallel to the axis direction of the 
electrode, a structure in which a spiral groove is formed, a 

25 structure in which unevenness is formed by allowing the grooves 
to intersect, and a structure in which dimples are formed. 



Among the above uneven structures, it is preferable to form 
an uneven structure by forming a groove in the direction 
perpendicular to or almost perpendicular to the flow of a cooling 
liquid sprayed onto the surface of the electrode by machining 
5 such as lathing. A structure in which a spiral groove 2 is formed 
on the surface of a graphite electrode 1 as shown in FIGS. 1 
and 2 is most preferable in practice from the viewpoint of ease 
of working or the like. The uneven structure may be formed on 
the entire surface of the electrode. The uneven structure may 
10 be formed on the surface of the electrode excluding the holding 
portion . 

In this case, the spiral angle P of the spiral groove 2 

is preferably in the range of 45° or more but less than 90°. 

The interval (pitch) P between the unevenness is preferably in 
15 the range of 0.2 to 10 mm. If the spiral angle is less than 

45°, the water retention effect is reduced. If the pitch P is 

less than 0.2 mm, the water retention effect is insufficient. 

If the pitch Pexceeds 10mm, the electrode cannot be heldproperly. 

In the case of forming a V-shaped groove (groove shown in FIGS. 
20 1 and 2), the depth of the groove is increased, whereby the 

effective strength of the electrode decreases. 

The height (difference in height) h of the projection of 

the uneven structure is preferably 0.2 to 5 mm, and still more 

preferably 0.3 to 2 mm. If the height h is less than 0.2 mm, 
25 the water retention effect is insufficient. If the height h 

exceeds 5 mm, the effective strength of the electrode decreases, 



whereby the electrode tends to break. In the case of forming 
the uneven structure over the entire surface of the electrode, 
the upper limit of the pitch of the unevenness and the height 
of the projection is selected depending on the size of the 
5 electrode so that the electrode does not break due to a decrease 
in effective strength or the electrode can be held properly. 

The cooling liquid sprayed onto the surface of the electrode 
from a sprayer or a nozzle shower functions as described below 
while flowing on the surface of the electrode by forming the 
10 uneven structure on the surface of the electrode, thereby 
contributing to an increase in cooling efficiency of the 
electrode . 

(1) The flow rate of the cooling liquid is reduced due to 
the uneven structure on the surface of the electrode . This allows 

15 a film of the cooling liquid to uniformly spread over the surface 
of the electrode. Moreover, since the thickness of the film 
is increased, the water retention effect is increased. This 
contributes to improvement of the cooling effect. 

(2) The surface area of the electrode, specifically, the 
20 heat transfer area for the cooling liquid is increased. 

(3) Since the normal boiling area is increased, the heat 
removal effect due to vaporization heat is increased. 

In addition, the coefficient of heat transfer from the 
surface of the electrode to the surface of the cooling liquid 
25 film is apparently increased due to the stirring effect of the 
cooling liquid caused by the uneven structure. 



As the cooling liquid, water (industrial water) isgenerally 
used. The water retention effect of the surface of the electrode 
can be increased by adding a surfactant to the water. The water 
retention effect can also be increased by applying a surfactant 
5 to the surface of the electrode. An aqueous solution of an 
antioxidant may be used instead of water. 

Examples of the present invention are described below while 
comparing the examples with a conventional graphite electrode 
(comparative example) which has a smooth surface without being 

10 provided with the uneven structure. However, the following 
examples illustrate only one embodiment of the present invention 
and should not be construed as limiting the present invention. 
Examples and Comparative Example 

An uneven structure of a spiral groove was formed on the 

15 surface of a graphite electrode having a diameter of four inches 
and a length of 350 mm by subjecting the graphite electrode to 
spiral groove processing under conditions shown in Table 1 . The 
electrode was suspended through a load cell, and cooling water 
was sprayed onto the surface of the electrode from a cooling 

20 water spray nozzle disposed around the electrode at a water 
spraying rate of 4 L/min and allowed to flow on the surface of 
the electrode. An increase in the weight of the electrode was 
measured by using the load cell to calculate the amount of water 
retention (amount of water retention = weight of electrode after 

25 spraying cooling water and allowing cooling water to flow - weight 
of electrode before spraying cooling water) . 
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FIG. 5 shows the relationship between the amount of water 
supply and the amount of water retention in the examples and 
comparative example. FIG. 6 shows the relationship between the 
height of the projection (groove depth h) and the amount of water 
5 retention. 

As shown in FIG. 5, in the examples in which a spiral groove 
was formed, the amount of water retention was increased at a 
groove pitch P of 1 . 0 mm or more in comparison with the comparative 
example in which the surface of the electrode was smooth without 

10 being provided with a spiral groove. In particular , an excellent 
water retention effect was obtained in the test examples Nos. 
3, 4, and 5 in which the groove pitch P was 2.0 mm or more. 

As shown in FIG. 6, the amount of water retention was 
increased in the examples, in which a spiral groove was formed 

15 in comparison with the comparative example in which the surface 
of the electrode was smooth without being provided with a spiral 
groove. In particular, an excellent water retention effect was 
obtained in the test examples Nos. 3 to 7 in which the groove 
depth was 0 . 8 mm or more . The water retention effect was improved 

20 to a large extent in the test examples Nos. 4 and 5 in which 
the groove depth was 1.75 mm or more. 

INDUSTRIAL APPLICABILITY 

According to the present invention, a graphite electrode 
25 for steelmaking of which oxidation and consumption during the 
operation can be effectively suppressed and which can reduce 

9 



the electrode consumption rate can be provided. 
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